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© Weighted relative system response elevator car assignment system. 

(£) An elevator control system employing a microprocessor- 
based group controller (Fig. 2) which communicates with the 
cars of the elevator system to determine conditions of the cars 
and responds to hall calls registered at a plurality of landings in 
the building serviced by the cars under control of the group 
controller, to provide assignments of the hall calls to the cars 
based on a weighted summation for each car, wi h reapect to 
each call, of a plurality of system response factors, some 
Indicative, and some not. of conditions of the car irrespective of 
the call to be assigned, assigning -bonuses' and 'permit as to 
them In the weighted summation. In the invention, rather than a 
set of unvarying bonuses and penalties being assigned based 
on the relative system response factors, the assigned bonuses 
and penalties are varied (4,6) based on the perceived intensity 
of traffic, as measured (3.5) by. for example, a past average 
waiting time and the elapsed time since registration of the hall 
call, a selected past five minute average waiting time being 
xempiary. 
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De cription 

W Ighted Relative Syst m Response El vator Car Assignment Syst m 

The present invention relates to elevator systems and to controlling cars to be dispatched in an elevator 
system. More particularly the invention relates to the assignment of hall calls to a selected one of a group of 
5 elevators serving floor landings of a building in common, based on weighted relative system response (RSR) 
; considerations. 

These RSR considerations include factors which take into account system operating characteristics in 
accordance with a scheme of operation which includes a plurality of desirable factors, the assignments being 
made based upon a relative balance among the factors, in essence assigning "bonuses' and "penalties" to the 

10 cars in determining which cars are to be assigned to which hall calls through a computer algorithm. 

As elevator systems have become more sophisticated, for instance having a large number of elevators 
operating as a group to service a large number of floors, a need developed for determining the manner in 
which calls for service In either the up or down direction registered at any of the floor landings of the building 
are to be answered by the respective elevator cars. The most common form of elevator system group control 

15 divides the floors of the building into zones, there being one or several floors in each zone, with approximately 
the same number of zones as there are cars in the elevator system which can respond to group-controlled 
service of floor landing calls. However, this approach has had a number of drawbacks. 

A more recent innovation, described in the commonly owned U.S. Patent 4,363,318 of Joseph Bittar issued 
December 14, 1982, included the provision of an elevator control system in which hall calls are assigned to cars 

20 based upon relative system response (RSR) factors, which take into account instantaneous system operating 
characteristics in accordance with a desirable scheme of operation. This scheme includes considering a 
plurality of desirable factors, the assignments being made based upon a relative balance among the factors in 
making the ultimate selection of a car to answer a hall call. The previous Bittar invention thus provided a 
capability of assigning calls on a relative basis, rather than on an absolute basis, and, in doing so, used 

25 specific, pre-set values for assigning the RSR "bonuses" and "penalties". 

As conditions changed, the factors changed by a preset amount, so the relative system response factor 
summation for each car with respect to any call would change similarly. And, system operational factors such 
as, for example, preventing unnecessary motion of a car, saving energy by allowing cars to remain shut down 
unless really needed, favoring the availability of cars at a main landing such as a lobby, were all factored in, not 

30 absolutely, but based upon the reasonableness of creating delay in answering calls in exchange for a 
continued system operational pattern which was realistic and served other needs. 

However, on the other hand, the relative system response (RSR) algorithm disclosed in the prior Bittar *381 
patent used particular, preset bonuses and penalties and calculated RSR value as a function of these 
particular set bonuses and penalties. For each hall call that was currently registered In the group, the RSR 

35 value was computed for each car. The car having the lowest RSR value was assigned to answer the hall call, 
and this procedure was repeated for each hall call. 

But, because the bonuses and penalties were fixed and preselected, waiting times sometimes became 
large, depending on the circumstances of the system. Thus, although the '381 invention was a substantial 
advance in the art, further substantial improvement is possible and has been achieved in the present invention. 

40 

Disclosure of Invention 

Thus, a primary object of the present invention is to use bonuses and penalties to even out the waiting times 
and greatly reduce, if not eliminate, large waiting times and service times in a multi-car elevator system. 
In the present invention the bonuses and penalties are varied, rather than being preselected and fixed as in 
45 the prior Bittar *381 invention, as functions or special characteristics, for example, of recently past average 
waiting time and current hall call registration time, which can be used to measure the relatively current intensity 
of the traffic in the building. An exemplary average time period which can be used is five (5) minutes, and a time 
period of that order is preferred. 
The hall calls are assigned to the cars, when they are received, using initial values of the bonuses and 
50 penalties to compute the RSR values. 

During system operation, the average hall call waiting time for the selected past time period Is estimated 
using, for example, the clock time at hall call registration and the hall call answering time for each hall call and 
the total number of hall calls answered during the selected time period. The hall call registration time of a 
specified hall call is computed, knowing the time when the hall call was registered and the current clock time 
55 when the hall call is to be assigned. According to the invention, the penalties and bonuses are selected, so as 
to give preference to the hall calls that remain registered for a long time, relative to the past selected period's 
average waiting time of the hall calls. 

When the hall call registration time is small compared to th selected time period's av rag waiting time, the 
hall call can wait, for example, for a coincid nt car call stop or a contiguous stop. Likewise, for further example, 
60 it can also wait for a car having less than the maximum allowable number of calls assigned to it, having motor 
generator (MG) s t on and not parked. Thus, for these situations, the bonuses and penalties will be varied for 
them by increasing them. 

The functional r lationship used to select the bonuses and penalties relates, for example, th ratio of hall call 
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registration time to the average past selected time period's hall call waiting time to the Increases in the values 
of the bonuses and penalties. 

When the hall call registration time is large compared to th past sel cted tim period's av rage wait time, 
then the call should have high priority and thus should not wait for, for xampl , cars having a coincident car 
call stop or a contiguous stop and should not wait for cars having less than the allowable number of cars 5 
assigned, MG set on and not parked. Thus, for these situations, the bonuses and penalties will be varied by 
decreasing them. 

As a variant to the foregoing, the bonuses and penalties can be decreased or increased based on the 
difference between the current hall call registration time and the past selected time period's average hall call 
waiting time as a measure of current traffic intensity. 10 

As a further variant, the past selected time period's average is computed as before. If this is less than some 
selected value, this indicates a light traffic load, and there is no need to use, for example, coincident car calls or 
contiguous stops. Accordingly, the bonuses and penalties may be reduced. On the other hand, if the average 
is more than the selected value, then the bonuses and penalties may by Increased from the nominal values, 
and the correspondingly varied bonuses and penalties used for the initial values. 15 

The Invention may be practised in a wide variety of elevator systems, utilizing known technology, in the light 
of the teachings of the present Invention, which are further detailed hereinafter. The foregoing and other 
objects, features and advantages of the present invention will become more apparent in the light of the 
following detailed description of an exemplary embodiment thereof, as illustrated in the accompanying 
drawlng(s). 20 

Brief Description of Drawings 

Figure 1 is a simplified, schematic block diagram, partially broken away, of an exemplary elevator 
system in which the present invention may be incorporated; while 25 

Figure 2 is a simplified, schematic block diagram of an exemplary car controller, which may be 
employed in the system of Figure 1 , and in which the invention may be implemented. 

Figure 3 is a simplified, logic flow diagram for the exemplary algorithm for varying the bonuses and 
penalties used In the preferred, exemplary embodiment of the present Invention. 



- Exemplary Application - 
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For the purposes of detailing an exemplary application of the present invention, reference is made to the 
disclosures particularly of the prior Bittar U.S. Patent 4,363'381, as well as of a related, commonly owned U.S. 35 
Patent, 4,305,479 of said Bittar and one Arnold Mendelsohn, issued December 15, 1981, entitled "Variable 
Elevator Up Peak Dispatching Interval". 

The preferred application for the present invention is in an elevator control system employing a 
micro-processor-based group controller using signal processing means, which communicates with the cars of 
the elevator system to determine the conditions of the cars and responds to hail calls registered at a plurality 40 
of landings in the building serviced by the cars under control of the group controller, to provide assignments of 
the hall calls to the cars based on the weighted summation for each car, with respect to each call, of a plurality 
of system response factors Indicative of various conditions of the car irrespective of the call to be assigned, as 
well as Indicative of other conditions of the car relative to the call to be assigned, assigning "bonuses" and 
"penalties" to them in the weighted summation. An exemplary elevator system and an exemplary car controller 45 
(In block diagram form) are illustrated In Figures 1 & 2, respectively, of the *381 patent and described in detail 
therein. 

It is noted that Figures 1 & 2 hereof are substantively identical to the same figures of the '38t patent For the 
sake of brevity the elements of Figures 1 & 2 are merely outlined or generally described below, while any 
further, desired operational detail can be obtained from the '31 8 patent. 50 

In Figure 1, a plurality of exemplary hoistways, HOISTWAY "A* 1 and HOISTWAY "F B 2 are illustrated, the 
remainder not being shown for simplicity purposes, in each holstway, an elevator car or cab 3,4 is guided for 
vertical movement on rails (not shown). 

Each car is suspended on a steel cable 5,6, that is driven in either direction or held in a fixed position by a 
drive sheave/motor/brake assembly 7,8, and guided by an idler or return sheave 9, 10 in the well of the 55 
holstway. The cable 5,8 normally aiso carries a counterweight 11,12, which is typically equal to approximately 
the weight of the cab when it is carrying half of its permissible load. 

Each cab 3,4 is connected by a traveling cable 13,14 to a corresponding car controller 15,16, which is 
typically located in a machine room at the head of the hoistways. The car controllers 15,16 provide operation 
and motion control to the cabs, as is known in the art. 60 

In the case of multi-car elevator systems, it has long been common to provide a group controller 17, which 
receives up and down hall calls r gist red on hall call buttons 18-20 on the floors of the buildings and allocates 
those call to th various cars for respons , and distribut s cars among the floors of the building, in 
accordance with any ne of several various modes of group operation. Modes of group peration may b 
controlled in part, for example, by a lobby panel (LOB PNL) 21, which is normally connected by suitable 65 
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building wiring 22 to the group controller in multi-car elevator systems. 

The car controll rs 15,16 also control certain hoistway functions, which relate to the corr sponding car, 
such as the lighting of "up" and "down" response lanterns 23,24, there being one such set of lanterns 23 
assigned to each car 3, and similar sets of lanterns 24 for each other car 4, designating the hoistway door 
5 where service in response to a hall call will be provided for the respective up and down directions. 

The foregoing is a description of an elevator system in general, and, as far as the description goes thus far, is 
equally descriptive of elevator systems known to the prior art, as well as an exemplary elevator system which 
could incorporate the teachings of the present invention. 

Although not required in the practice of the present invention, the elevator system in which the invention is 
10 utilized may derive the position of the car within the hoistway by means of a primary position transducer (PPT) 
25,26. Such a transducer is driven by a suitable sprocket 27,28 in response to a steel tape 29,30, which is 
connected at both of its ends to the cab and passes over an idler sprocket 31,32 in the hoistway well. 

Similarly, although not required in an elevator system to practise the present invention, detailed positional 
information at each floor, for more door control and for verification of floor position information derived by the 
15 PPT 25,26, may employ a secondary position transducer (SPT) 33,34. Or, if desired, the elevator system in 
which the present Invention Is practised may employ inner door zone and outer door zone hoistway switches 
of the type known in the art. 

All of the functions of the cab itself may be directed, or communicated with, by means of a cab controller 
35,36 in accordance with the present invention, and may provide serial, time-multiplexed communications with 
20 the car controller, as well as direct, hard-wired communications with the car controller by means of the 
traveling cables 13 & 14. The cab controller, for instance, can monitor the car call buttons, door open and door 
close buttons, and other buttons and switches within the car. It can also control the lighting of buttons to 
indicate car calls and provide control over the floor indicator inside the car, which designates the approaching 
floor. 

25 The cab controller interfaces with load weighing transducers to provide weight Information used in 
controlling the motion, operation, and door functions of the car. A most significant job of the cab controller 
35,36 is to control the opening and closing of the door, in accordance with demands therefor, under conditions 
which are determined to be safe. 
The makeup of microcomputer systems, such as may be used In the implementation of the car controllers 

30 15,16, a group controller 17, and the cab controllers 35,36, can be selected from readily available components 
or families thereof, in accordance with known technology as described in various commercial and technical 
publications. The software structures for implementing the present invention, and peripheral features which 
may be disclosed herein, may be organized in a wide variety of fashions. 
Referring now to Figure 2, a group controller 17 is illustrated simply, in a very general block form. The group 

35 controller is based on a microcomputer 1, which may take any one of a number of well-known forms. For 
instance, it may be built up of selected integrated circuit chips offered by a variety of manufacturers in related 
series of integrated circuit chips. Such a microcomputer 1 may typically include a microprocessor (a central 
control and arithmetic and logic unit) 2, random access memory (RAM) 3, read only memory (ROM) 4, an 
interrupt priority and/or decode circuit (IRPT) 5, and control circuits (CTRL) 6, such as address/operation 

40 decoders and the like. 

The microcomputer 1 is generally formed by an assemblage of chips 2-6 on a board, with suitable plated or 
other wiring so as to provide adequate address, data, and control busses (ADR, DATA & CTRL BUSS) 7, which 
interconnect the chips 2-6 with a plurality of input/output (I/O) modules of a suitable variety 8-11 . The nature of 
the I/O modules 8-11 depends on the functions which they are to control. It also depends, in each case, on the 

45 types of interfacing circuitry, which may be utilized outboard therefrom, in controlling or monitoring the 
elevator apparatus to which the I/O is connected. For instance, the l/Os 8-10, being connected to lobby and 
halt call buttons and lamps and to switches and indicators, may simply comprise buffered input and buffered 
output, multiplexer and demultiplexer, and voltage and/or power conversion and/or isolation so as to be able 
to sense hall or lobby panel button or switch closure and to drive lamps with a suitable power, whether the 

50 power Is supplied to the I/O or externally. As noted in Figure 2, the l/Os 8 & 9 can be connected to the hall 
buttons and lights (HL BUTNS & LTTCES) 18-20 (also Fig. 1), while I/0 10 is connected to the lobby panel (LOB 
PNL) 15 (also Fig. 1). 

The 1/0 module 11 provides serial communication over current loop lines 13,14 (Fig. 2) with the car 
controllers 15,16 (Figs. 1 and 2). These communications include commands from the group controller to the 

55 cars, such as for example higher and lower demand, stop commands, cancelling hall calls, preventing lobby 
dispatch and other commands relating to optional features, such as express priority and the like. The group 
controller initiates communication with each of the car controllers in succession, and each communication 
operation includes receiving response from the car controller, such as in the well known "handshake" fashion, 
including car status and operation information, such as, is the car in the group, is it advancing up or down, its 

60 load status, its position, whether it is under a go command or is running, whether its door is fully open or 
clos d, and other conditions. 

As d scribed h r inbefor , the meanings of the signals which are not oth rwise xplained hereinafter, the 
functions of the signals which are not fully explained hereinafter, and th manner of transferring and utilizing 
the signals, which are not fully described hereinafter, are all within the skill of the elevator and signal 

65 processing arts, in the light of the t achings herein and/or the prior art. Therefore, detailed description of any 
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specific apparatus or mode of operation thereof to accomplish these ends is unnecessary and not included 
herein. 



- RSR Assignment of Prior '381 Patent - 5 

As noted in the '381 patent, the assignment of calls to cars, utilizing relative system response factors, may 
take a variety of forms. The exemplary ones given in the '381 patent are referred to herein as providing an 
exemplary initial set of starting bonuses and penalties. 

As described in said '381 patent, both the relative system response factor and the run times which might be 10 
used as components of the relative system response factor, may be expressed in seconds, and the penalties 
for response are therefore in terms of degraded performance relative to whether a particular car should 
answer any particular call, in contrast with the relative system response factor for other cars. The *381 
invention thereby provided the ability to put relative penalties on factors, such as not starting motor generator 
sets or preference to lobby service, which have nothing to do with the speed of reaching a particular hall call. 15 
What these response factors did was to balance the desire for certain system response characteristics against 
the need to service calls rapidly and the need to provide other desirable response characteristics. 

In some cases, the relative response factor was an indication of the anticipated ability of a car to handle the 
call and deliver the passenger to his ultimate destination, which might have been compared with the overall 
response factors of other cars. For instance, in Figure 7 of the '381 patent, step 22 was an indication of a 20 
penalty against a car if it had more than six car calls, because this was an indication of the business load of the 
car, and the likelihood that the particular passenger (whose hall call Is now being assigned to a car) would not 
be delivered to his destination as quickly, if a car had more than six car calls. This had nothing to do with the 
length of time it would take to pick up that passenger, since that time is calculated in the door time and run 
time routines of Figures 9 & 10 of the *381 patent. 25 

In Figure 7 of the *381 patent, step 1 1 penalized a car for not running. But It did not prevent such car from 
answering a call. What it said was that everything else being equal, unless a passenger would have to wait an 
additional exemplary twenty seconds for some other car to answer it, that car would not start up just to answer 
a single hall call. 

And, all of the response factors were relative, except for those which were indicative of a general inability of 30 
a car to answer a call at all. For instance, if a car was indicated as being full, it was not prevented from 
answering the call, unless it was not going to stop at the floor where the call in consideration had been 
registered. But even then, it was not automatically given that call simply because it must stop there anyway. It 
might not have been able to get to that call for a minute or more; and it might have still been full when it got 
there. Therefore, only a relative penalty for it being full was given to it, If it was going to stop at the floor, and this 35 
was less than the favorable award of the minus twenty seconds given to such a car in Figure 11 of the '381 
patent. 

At the bottom of Figure 7 of the '381 patent, considerations relating to preferential lobby service were made. 
Even though response to a halt call might be delayed, the lobby (or other main landing) was given certain 
preferences, since it is was known that the lobby must be served on a regular basis. And these preferences 40 
were, however, not absolute, but only relative. Thus, step 20 provided an exemplary twelve second penalty, if 
the call in consideration was not at the lobby, but the car in consideration had been assigned a lobby call. This 
provided faster service to the lobby, where accumulated passengers were undesirable. 

On the other hand, if the car in question had no other calls, but was assigned to the lobby, the penalty was 
greater (being for example fifteen seconds in step 16 in contrast with twelve seconds in step 20). But if the car 45 
had no other calls and was not assigned to the lobby, then the penalty was only for example eight seconds, as 
set in step 14. The result of these various penalty factors was that the overall desires of an operating system, 
rather than a single parameter (how quickly could a car get to a call), were given paramount consideration in 
the relative response determinations being made. 

The amount of time that a car might take in order to reach a hall call was estimated in the door time and run 50 
time routines of Figures 9 & 1 0 of the '381 patent. Figure 9 took care of a current stop, which the car might have 
been initiating or finishing, and Figure 10 accounted for running time and gross stopping time at stops, which 
would later be encountered during the run. But there again, there was a difference in the relative response 
time, since It depended upon the actual status of the car being considered in the door time routine of Figure 9, 
and since different run times were added in for stops which resulted from hall calls than for stops which 55 
resulted from car calls in steps 12 and 13 of Figure 10. 

in Figure 1 1 of the '381 patent, the fact that the car was already set to stop at the floor under consideration 
was given great weight by subtracting, for example, twenty seconds from the relative response factor. This 
differed from then prior systems, which would make an absolute assignment of that call to that car. Energy 
savings (though perhaps not time to respond to the call) were reflected in the '381 patent in the fact that a fully go 
loaded car might answer the call, or it might not, depending upon whether other cars could get there within 
some penalty factor, such as for example fourteen seconds; in the fact that cars wer penalized for having 
their motor g nerator sets off, and therefore would be started up only when n eded to give good building 
service; In the fact that the lobby (or other main landing) was given c rtain pr f rences so that special I bby 
s rvice need n t have to be initiated lat r, since it could be accommodated in the overall plan f response that 65 
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cars that were at the lobby would tend to stay at the lobby if they had no calls, because a penalty of for example 
fift en seconds was given to them; this not only provided favored lobby service, but avoided the need for 
special start-ups for lobby service, which could always be anticipated as a part of future demand on any 
elevator system. Any other car which had no calls at ail, and was simply resting at a floor, was given a small 
5 penalty, since it might be able to come to rest if some other car took over the call under question (step 14 of 
Figure 7 of the '381 patent). And unnecessary stops were avoided, if a car could not save for example twenty 
seconds of waiting time, by favoring a car which might have been able to service the car directly (step 3, Figure 
, 11 of the '381 patent). 

Again, all of the foregoing represent innovative teachings of the '381 patent and are being cited here for 
10 background to best understand the innovations of the present invention, which will now be described in the 
context of the foregoing exemplary application. 



- Exemplary Variable Bonus/Penalty Algorithm Of Invention - 

15 

In contrast to the unvarying set of RSR values in the '381 invention, the exemplary RSR algorithm of the 
present invention uses variable "bonuses" and "penalties* preferably based on measures of traffic intensity, 
and the simplified logic flow diagram of the exemplary algorithm of the present invention is illustrated in Figure 
3. 

20 In the exemplary embodiment hereof, as a measure of traffic intensity, during system operation the average 
hall call waiting time for a reasonably selected past time period, for example, the past five (5) minute period, is 
computed, using the clock time at hall call registration and the hall call answering time for each hall call, and the 
total number of hall calls answered during the selected five (5) minute time period. 
The hall call registration time of a specified hall call is computed, knowing the time when the hall call was 
25 registered and the current clock time when the hall call is to be assigned. 

As will be explained in detail below, a comparison is made between the average past five (5) minute waiting 
time and the hall call registration time based on a selected relationship. In the initial embodiment this 
comparison is based on a ratio of the former to the latter, while in a further embodiment the comparison is 
based on the difference between the two. These comparisons provide traffic intensity measuring means for 
30 measuring the current traffic intensity of the elevator system. 

In the preferred embodiment the penalties and bonuses are selected, so as to give preference to the hall 
calls that remain registered for a long time, relative to, for example, the past five (5) minutes average waiting 
time of the hall calls. 

When the hall can registration time is small compared to the five (5) minute average wait time, the hall call 
35 can wait for a car with a coincident car call (CC) stop or a contiguous stop (CS). It can also wait for a car having 
less than the maximum allowable number of calls assigned to it, having its motor generator (MG) set on and 
not parked. Therefore, the assigned values for the bonuses and penalties are increased for all of the cars in 
these situations. 

In the initial exemplary embodiment the functional relationship used to select the amount of increases for 
40 the bonuses and penalties relates the ratio of the hall call registration time (tHcn) to the average past five (5) 
minute hall call waiting time (tHcw) to the increases in the values of the bonuses and penalties. A typical or 
exemplary relationship Is outlined in the following Table 1. 

Table 1 



Increases in Values of Bonuses and Penalties 





tHCft/tncw 


CCB 


CSB 


ECP 


MGP 


UPP 


CPP 


LCP 


50 


£0.1 


+8 


+ 6 


+ 6 


+ 8 


+8 


+6 


+6 


£0.2 


+6 


+5 


+5 


+6 


+6 


+5 


+5 




£0.5 


+4 


+3 


+ 3 


+4 


+4 


+4 


+4 




£0.7 


+2 


+2 


+ 2 


+2 


+2 


+3 


+3 




£0.9 


+ 1 


+ 1 


+ 1 


+ 1 


+ 1 


+2 


+2 


55 


£1.0 


+ 0 


+ 0 


+ 0 


+0 


+0 


+0 


+0 



where "CCB" is the bonus for a car having a coincident call, "CSB" is the bonus for a car having a contiguous 
stop, "ECP" is the penalty for a car with excess calls, "MGP" is the penalty for a car having its motor generator 

60 off, "UPP" is the penalty for a car which is unassigned and parked, "CPP" is the penalty for a car which is 
parked, and *LCP" is the penalty for a lobby call. Thus, as a single example from the above table, for a ratio of 
the hall call registration time to the average past five minutes hall call waiting time of less than one-tenth, a car 
with a coincident call (CC) has its RSR b nus (B) value increased by eight, tc; while for a ratio value of one, 
no change in value is made for any of the cars. This cut-off or change-ov r point of a ratio of about on is 

65 considered preferred. 
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On the other hand, when th current hall call registration time is large compared to the past fiv (5) minutes 
average wait time, with a correspondingly higher ratio greater than one, then the call should have high priority 
and therefore should not wait for cars having a coincident car call (CC) stop or a contiguous stop (CS) and 
should not wait for cars having less than the allowable number of calls assigned, MG set on or not parked. 
Thus, in th ex mplary embodiment, the values for the bonuses and p nalti s for these are decreased. The 5 
exemplary functional relationship used to select the decreases in the values of the bonuses and penalties as 
functions of the ratio of current hall call registration time to the past five (5) minutes average wait time is shown 
In Table 2 below. 

Table 2 w 
Decreases in Values of Bonuses and Penalties 



tHCR/tHcw CCB CSB ECP MGP UPP CPP LCP 



£1.5 -5 -1 -1 -1 -1 -1 -1 

£2.5 -10 -2 -2 -2 -2 -2 -2 

^3.0 -15-4-3-4-4-3-4 

55.0 -20 -6 -4 -6 -6 -6 -6 

5.0 -20 -8 -5 -8 -8 -5 -8 20 



Thus, for a single example from the foregoing table, for a ratio of less than one-and-one-half, a car with a 
coincident call has Its bonus value decreased by a value of five, etc.; while, for a ratio in excess of five, a car 
that is at the lobby (LC) has its penalty value decreased by a value of eight, etc. As an alternative, for ratios 
greater than five, the values of COB through LCP in Table 2 could have nominal values selected. 25 

Hence, as can be seen from Tables 1 & 2 f for ratios of less than one, the values of the assigned bonuses and 
penalties are Increased, while, for ratio of more than one, the values of the assigned bonuses and penalties are 
decreased. 

If desired, other optimal values for the increases and decreases for any particular application or for general 
application can be determined using, for example, detailed computer simulation, in place of the exemplary 30 
varying values presented in Tables 1 & 2. 

Thus, with particular reference to the simplified logic flow diagram of Figure 3, a start routine Step 1 1s run, in 
which all pertinent RAM memory is cleared. For each "up" hall call starting from the lobby and going up (Step 
2), if the hall call registration time is less than the past five minute average waiting time for all hall calls 
determined in Step 3, then the assigned bonuses and penalties for each car (for each hall call) is increased in 35 
Step 4 by the values in Table 1 . ft Is noted that the particular set of increases in the values of the bonuses and 
penalties assigned in the preferred, exemplary embodiment is further based on how much greater the past five 
minute average waiting time is than the hatl call registration time (ratios of less than one). This latter is 
determined in a sub-routine not illustrated for simplicity purposes, the details of which would be known to one 
of ordinary skill in the art. 40 

On the other hand, If the hafi call registration time is equal to or greater than the past five minute average 
waiting time, then a further evaluation is made with respect to whether there is equality (ratio of one) between 
them, in which case the relative response factor for the cars is computed in Step 7. Otherwise, if the hall call 
registration time is greater than the past five minute average waiting time, then the assigned bonuses and 
penalties for each car is decreased in Step 6 by the values of Table 2. It Is again noted that the particular set of 45 
decreases in the values of the bonuses and penalties assigned in the preferred, exemplary embodiment is 
further based on how much greater the hall call registration time is than the past five minute average waiting 
time (ratios greater than one). This latter is determined in a sub-routine not illustrated for simplicity purposes, 
the details of which would be known to one of ordinary skill in the art. 

In either event the combination of bonuses and penalties for RSR is then computed for each car in Step 7, so 
following, for example, the methodology of the '381 Bittar et al patent (note particularly Figs. 6-12 of that 
patent), and, In a similar fashion, the car with the lowest RSR is selected for that hall call. 

For each "down" hall call, starting from the topmost floor, Steps 3 through 8, inclusive, are repeated, to 
assign all of the "down" hall calls to respective cars, in like fashion to that described above with respect to the 
"up" hall calls. This then ends, in Step 1 0, one cycle of assigning all of the hall calls that then existed during the 55 
cycle. 

The algorithm of Figure 3 thus provides a suitable assignment means for the assignments of all of the "up" 
and "down" hall calls which are thus completed in each cycle, after which the algorithm of Figure 3 is repeated 
over and over again, resulting in the hall calls being dynamically assigned and possibly reassigned in each 
cycle to the car having the lowest RSR value for that call during that cycle. 60 

The algorithm of the present invention thus is used to combine the RSR with variable bonuses and penalties 
based on a measure of traffic intensity. 

The electronic circuitry and components to achieve the foregoing are well established and known in the art 
and are subject to great variation, the details f which are not part of the present invention. 
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- Exemplary Variants - 

In another version or embodiment of the variable bonuses and penalties algorithm used in the invention, the 
5 values of the bonuses and penalties are decreased or increased based on the difference between the current 
halt call registration time and the past, for example, five (5) minute average hall call waiting time, as, for 
example, is determined in the formulations below,' rather than based on their ratio(s), as a measure of relatively 
7 current traffic intensity. 

With the total number of hail calls answered during a one minute interval being 'NHCAt', where B t B is the 
10 specified one minute interval; and 

With the hall call registration time for a hall call that is answered being "facm" when it is answered; and 

With the total hail call waiting time of ail hall calls answered during the one minute interval, "t* t being Thcri"; 

and 

With "t" being the current one minute interval; 
15 Then the five minute average waiting time of all hall calls answered can be expressed as follow: 

t-5 

2 «i T HCRt 

20 t=*t-l 

^CW " ————————————— 



t-5 

t ?t-l NiICAt 

If the data have been collected for less than five (5) minutes, then: 



t-1 

. & T 

Slew 



HCRt 



t-1 

35 N HCAt 



In the exemplary embodiment, for each of the hall calls currently pending to be answered, the current hall 
40 call registration time "tncR" is computed; the difference between "tHCR* and "hew" Is computed; and then the 
bonuses and penalties used in the RSR algorithm are decreased or increased according to the values shown 
In Table 3 below. 

In a third, somewhat simplified application of the present invention, specifically the process for varying the 
values of the bonuses and penalties of the present invention previously described, the past five (5) minute 

45 average hail call registration or waiting time is computed as before. If this Is less than, for example, thirty (30) 
seconds, as measured by suitable set average hall call waiting time detection means, then it indicates a light 
traffic load. For such a situation there is no need to use coincident car (CC) calls or contiguous stops (CS). 
Therefore, the bonuses and penalties are merely reduced "across the board" by, for example, twenty (20%) 
percent from the nominal values. On the other hand, if the past average five (5) minute hall call wating time is 

50 more than thirty (30) seconds, then the bonuses and penalties are increased by, for example, twenty (2CK>/o) 
percent from the nominal values. Then the corresponding bonuses and penalties are used as the initial values. 

The hall calls are assigned to the cars, when they are received, using the initial values of the bonuses and 
penalties to compute the RSR values. When the hall call is reassigned, the bonuses and penalties used In the 
RSR calculation are varied from the initial values used by the values shown in Table 3 below. 

55 



60 



65 
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The meanings of XCB", "CSB", *ECP\ "MGP", 'UPP', "CPP" and "LCP" are as before, while "LRP" is the 
penalty for a lobby registered call, "LAP" is the penalty for a lobby assigned car, "PAB" is the bonus for a 
previously assigned car, and "FCP" is the penalty for a full car. As can be noted from the table, the amount of 
increase or decrease for each of the bonuses and penalties varies depending on the amount of difference 
5 between a preselected hall call registration time and the past selected period's (e.g. five minutes) average hall 
call waiting time, as a measure of perceived relatively current traffic intensity. Additionally, as can be seen from 
Table 3, for positive differences, the values of the assigned bonuses and penalties are decreased, while, for 
negative differences, the values of the assigned bonuses and penalties are increased. 
The algorithm of the present Invention thus again Is used to combine the RSR with variable bonuses and 

10 penalties for hall caJi car assignment based on a perceived measure of traffic intensity of the elevator system, 
in this embodiment the relationship being the difference between the two selected time factors. 

If desired, a computer based simulator can be used to refine the specific, exemplary changes or variations in 
bonuses and penalties presented in the exemplary Table 3, so that optimal bonuses and penalties can be 
arrived at for different traffic conditions and elevator applications. 

15 It should be noted that in Table 1-3 the exemplary variations are not linear. However, they can be made 
linearly variable, if so desired. 

Although the Invention has been shown and described with respect to exemplary detailed embodiments 
thereof, it should be understood that many changes may be made without departing from the scope of the 
invention. For example, all of the variations in the relative system response factors, whether they be variations 

20 in penalties or bonuses, may be varied widely from those of the tables, provided any desired, variable scheme 
of system response. 



Claims 



25 



1. An elevator system, having a group of elevators for servicing a plurality of floor landings in a building, 
including group controller means, said group controller means further including signal processing means 
responsive to signals indicative of conditions of each of said cars for providing, for each car, with respect 
to each hall call registered, a signal representing the summation of relative system response factors, 

30 indicative of the relative degree to which the assigning of any hall call to said car is in accordance with a 

scheme of overall system response applicable to all of said cars, wherein the response factors identify 
different routines to dispatch a car to answer the hall call, each of said relative system response factors 
being weighted with respect to other response factors to represent an Increase in time expected for said 
group to answer the hall call by following one dispatching routine as opposed to another routine and for 

35 assigning each registered hall call to the car provided with the lowest summation of relative system 

response factors with respect to such hall call for service to such hall call, so that the call assignment is 
made to the car under a dispatching routine that provides the best overall system response as opposed 
to the routine achieving the quickest response to the registered hall call; characterized by said signal 
processing means further comprising: 

40 traffic intensity measurement means for measuring the current traffic intensity of the elevator system; and 

varying bonus and penalty assignment means associated with said traffic intensity measurement means 
for varying assigned bonuses and penalties for said weighted relative system response factors for each 
car based on the current traffic Intensity of the elevator system as measured by said traffic intensity 
measurement means, with the amounts of the bonuses and penalties being assigned to the elevator cars 

45 being varied as the traffic intensity measurements vary . 

2. The elevator system of Claim 1 , further characterized in that the signal processing means comprises: 
time selection means for selecting a past time period for evaluating the past average hall call waiting time; 
hall call time registration means for recording the time a hall call is placed; and 

averaging means for averaging the hall call waiting time over the selected past time period, said traffic 
50 intensity measurement means utilizing the elapsed time since registration of a hall call and said past 

average waiting time to measure said traffic intensity; and wherein: 

said varying bonus and penalty assignment means of said signal processing means for varying the 
assigned bonuses and penalties for said weighted relative system response factors for each car provides 
a signal representing a selected relationship between the hall call registration time and the average hall 
55 call waiting time for the selected past time period. 

3. The elevator system according to Claim 2, further characterized by: 

said selected relationship being the ratio of said hall call registration time to said average hall call waiting 
time for the selected past time period. 

4. The elevator system of Claim 3, wherein: 

60 the selected past time period is of the order of about five minutes. 

5. The elevator system of either Claim 3 or 4, characterized by said signal processing means further 
comprises: 

means for 

- increasing the values of the assigned bonuses and penalties, for ratios of said hall call registration time 
65 to said average hall call waiting time for the selected past time period less than about one, and 
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- decreasing the values of the assigned bonuses and penalties, for ratios of said hall call registration time 
to said average hall call waiting time for the selected past time period more than about one. 

6. The elevator system according to Claim 2, further characterized by: 

said selected relationship being the difference between said hall call registration time and said average 

hall call waiting time for the selected past time period. 5 

7. The elevator system of Claim 6, wherein: 

the selected past time period is of the order of about five minutes. 

8. The elevator system of Claim 6, wherein, for negative differences the values of the assigned bonuses 
and penalties are increased, and wherein, 

for positive differences the values of the assigned bonuses and penalties are decreased. 10 

9. The elevator system of Claim 2, further characterized in that the signal processing means comprises: 
set average hall call waiting time detection means for detecting when a set amount of hail call waiting time 
has occurred, below which set point light traffic conditions are considered to be present, during which 
time relative system response factors are decreased across the board a like amount, and above which set 
point relatively heavy traffic conditions are considered to be present, during which time relative system 15 
response factors are increased across the board a like amount; and 

set hall call registration time detection means for detecting when a set amount of hail call registration time 
has occurred, a hall call, once assigned to a car being maintained with that car until said set hall call 
registration time detection means detects said set amount of time passage, after which point the 
assignment of the hall call is reevaluated with said varying bonus and penalty assignment means varying 20 
the amount of the bonus and penalty values being assigned to said relative system response factors. 

10. The elevator system of Claim 9, wherein: 

said set amount of average hall call waiting time is of the order of about thirty seconds. 

1 1 . The elevator system of any preceding Claim, wherein : 

at least some of the factors to which said varying bonuses and penalties are assigned include whether the 25 
car has a coincident call, a contiguous stop, a relatively large number of calls already recorded, its motor 
generator off, is unasslgned and parked, parked, and is located at the main landing of the building, such 
as its lobby. 

12. A group controller means for an elevator system, which system has a group of elevator cars for 
servicing a plurality of floor landings in a building at which hall calls can be placed, the group controller 30 
means Including signal processing means responsive to signals Indicative of conditions of each of the 

cars for providing, for each car, with respect to each hall call registered, a signal representing the 
summation of relative system r&sponse factors, indicative of the relative degree to which the assigning of 
any halt call to said car Is in accordance with a scheme of overall system response applicable to the cars, 
wherein the response factors identify different routines to dispatch a car to answer the hall call, each of 35 
the relative system response factors being weighted with respect to other response factors to represent 
an increase in time expected for the group of cars to answer the hall call by following one dispatching 
routine as opposed to another routine and for assigning each registered hall call to the car provided with 
the lowest summation of relative system response factors with respect to such hall call for service to such 
hall call, so that the call assignment is made to the car under a dispatching routine that provides the best 40 
overall system response as opposed to the routine achieving the quickest response to the registered hall 
call: characterized In that saW signal processing means further comprises: 

(a) measuring means for measuring the current traffic intensity for the cars of the elevator system; 

(b) varying bonus and penalty means for providing a set of different bonus and penalty values for 

the relative system response factors ; 45 

(c) assignment means for assigning a selected set of different bonus and penalty values for the 
relative system response factors from said varying bonus and penalty means based on the 
measurement of the current traffic intensity for the cars from said measuring means; and 

(d) further assignment means for thereafter assigning the hail call to the car with the lowest relative 
system response value. so 

13. The group controller means of Claim 12, characterized in that said signal processing means 
comprises: 

averaging means for averaging the hall call waiting times over a selected, recent past time period; 
time measuring means for measuring the hall call registration time for the half call being considered for 
assignment; and 55 
comparison means for comparing the hail cafl registration time to the average hall call waiting time. 

14. The group controller means of Claim 13, characterized in that said signal processing means 
comprises: 

calculating means for calculating the ratio of said hall call registration time to said average hall call waiting 
times; and 60 
selection means for - 

- selecting at least in part increasing sets of valu s of bonuses and p nalti s, for those r latively small, 
decreasing ratio valu s, and 

- selecting at least in part decreasing sets of values of bonuses and penalties, for those relatively large. 
Increasing ratio values. 65 



11 



EP 0 342 008 A2 



15. The group controller means of Claim 13. characterized in that said signal processing means further 

Satonmeans for cal ulating the difference between said hall call r gistration time and said average 
hall call waiting time ; and 

^elSgatTe'aSin part decreasing sets of values of bonuses and penalties, for those relatively large. 
^^^^S^SS^Si sets of values of bonuses and penalties, for those relative* iarge. 
TS??!ySS£^^ of Calm 13. characterized In that said signal processing means 
!X?s°efav^^^^ 

cmSm timThu passed, below which set point relatively light traffic conditions are considered to be 
Sra^nV md during which time decreasing selected relative system response factors across the board a 
■S^S^tal^n^hXaSto a car; and above which set point relatively heavy traffic conditions are 
cohered ^"ent and ^during vSch time increasing the relative system response factors a like amount 

?3£t5 a w 3 reJiSn time detection means for detecting when a set amount of hall call 
reSStion tlm! has pSsed. maintaining a hall call, once assigned to a car. with that car until said set hall 
Si StaSioS time detection means detects said set amount of time passage, after which point the hafl 
2 SSSr Assignment utilizing said varying bonus and penalty means to vary the amount of the 
hnniwnndDenaltv values being assigned to said relative system response factors. 
"H ShSKoSSSS^^ controller means for an elevator system, which system has a group of 
e evatoTcars for £HS£ fa t pkinlRy of floor landings in a building at which hall calls can be placed the 
2££££ ZSEJdhg signal processing means responsive ^^J^^^^SZ 
7* «irh «f th n cars for Drovldlna for each car, with respect to each hall call registered, a signal 
tl^SL^Z^iSS^^^^ responsefactors. indicative of the relative d«Mt»m 
the^tanlna of any hall call to said car is in accordance with a scheme of overall system response 
tZZSSl To the Sa wherein the response factors identify different routines to dispatch acar to answer 
Sf^P^^toS^ system response factors being weighted with respect to ^"*°™» 
tactors to represent an increase In time expected for the group of cars to '^^^^^li 
one dispatching routine as opposed to another routine and for assigning ^^SotiSfhS call 
car proved wSh the lowest summation of relative system response factors with 
for service to such hall call, so that the call assignment Is made to the car under • dh *^^ "£ST2 
■myuaaths best overall system response as opposed to the routine achieving the quickest response to 
EZSSS^^S*. the overall system response of the gr oup »^^S^^ 
the hell calls in the elevetor system to the elevator cars In the system is enhanced by the following steps . 
fal measurlna the current traffic Intensity for the cars of the elevator system; 
(b) prSng % l setTdiff erent bonus and penalty values for each of the relative system response 



Passioning a selected set of different bonus and penalty values for the relative system response 
facers from the setof step "b" for the cars being evaluated based on the traffic intensity measured in 



(d) thereafter assigning the hall call to the car with the lowest relative system response value. 

18 The method of Claim 17. wherein in step "a" there is included the following steps: 

la-il averaaina the hall car waiting times over a selected, recent past timepenoa; 
JCSl hedl call registration time for the hall cal. being considered for ass-gnment; and 

(a-iii) comparing the hall call registration time to the average hall call waiting time. 

19 ThemethodofClalm18.whereininstep'a-iii"thereisincludedthefollawingstep(s): 

- £!!SS!!^StoSZu hall call registration time to said average hall call waiting time; and wherein for 

^os?^ selecting at least in part increasing sets of values of 

b5£^^ thole relatively large, increasing ratio values, selecting at least in part 

decreasing sets ofvalues of bonuses and penalties. „^ feV 

20. The method of Claim 18. wherein In step "a-iii- there is included the following step(s) . 

- calculating the difference between said hall call registration time and said average hall call waiting time, 
and wherein for step "b" there is included the following step(s) : 

J££Z relative? large, increasingly positive differences, selecting at ^^ettZ^VenJ 
values of bonuses and penalties, while, for those relativ ly large, increasingly negative differences, 
selecting at least in part increasing sets of values of bonuses and Penalties. 

21 . The method of Claim 18. wherein In step 'a-iii" there is included the *2 of av ra _ B 

- utilizing set av rage hall call waiting time detection means for d tecting when a set amount of av rage 

seT,E P d^easCe.ath,e system response factors across the board a ilke amount in 
assigning a hall call to a car, and 
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after which set time, increasing the relative system response factors a like amount in assigning a hall call 
to a car; and 

- utilizing set hall caii registration time detection means for detecting when a set amount of hail call 
registration time has passed, maintaining a hail call, once assigned to a car, with that car until said set hall 
call r gistration time det ction means detects said set amount of time passage, after which point the hall 
call is reevaluated for assignment utilizing varying bonus and penalty assignment means to vary the 
amount of the bonus and penalty values being assigned to said relative system response factors. 
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FIG. 2 
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FIG, 3 
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